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Abstract--There are two types of clinical and biochemical syndromes not directly 
associated with the invasiveness and metastatic ability of the turnout; the first type is 
represented by the hormonal paraneoplastic syndromes. The second type consists of 
certain neurological diseases or abnormalities observed in patients with malignant 
tumours not directly affecting the nervous system. While the hormonal type is well 
established and rests on solid ground, the neurological type is less well defined and more 
controversial. 

I. Endocrine Paraneoplasia H.J .  TAGNON 

1. INTRODUCTION 

THE TITLE delineates the content of this article, 
which is a discussion of the ectopic production 
of hormones by neoplasms. These hormones 
may create clinical manifestations which are 
apparent to the physician; or they do not give 
rise to a clinical syndrome but are detected by 
direct measurement in blood or in the tumour 
itself. Ectopic production means the secretion 
of hormonal products by tumours arising from 
tissues not normally producing them. For in- 
stance, secretion of insulin by a pancreatic car- 
cinoma is not an ectopic production and does 
not create a paraneoplastic syndrome in the 
strict sense of the word: it is a 'eutopic' 
production. The eutopic secretion of a tumour 
may be difficult to distinguish from an ectopic 
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production, or in some instances the same 
tumour arising in an endocrine organ may 
secrete at the same time the natural product of 
this endocrine organ and one or several other 
hormones which are not normally produced by 
this particular organ and therefore deserve the 
ectopic qualification. Ectopic hormones are 
polypeptides or proteins. Finally, certain types 
of neoplasms produce non-hormonal com- 
pounds not found in normal adult tissues 
which have antigenic properties and are used 
as 'markers'. They are detected in the body 
fluids by immunological methods and are at the 
present stage of development of limited assis- 
tance to the clinician for the diagnosis and 
monitoring of the evolution of the tumour. 

These non-hormonal markers are not the 
subject of this review. However, ectopic hor- 
mones are also 'markers' and are increasingly 
utilized in clinical medicine for diagnostic and 
prognostic evaluation of patients. 

There are several excellent reviews on this 
subject. The reader is referred to them for 
details on the biochemical aspects of endocrine 
paraneoplasia [1-5]. These reviews present 
diverse interpretations of the mechanism at the 
cellular level of the phenomenon of ectopic 
hormone secretion and these will be sum- 
marized here. However, our aim is essentially 
to present the aspects of paraneoplasia which 
are of interest to the clinicians and will help 
them understand the problems presented by 
their patients. It is obvious that the biochemical 
aspects and the research methodology are also 
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of great interest to the clinician insofar as he 
accepts to being a biologist willing to try to under- 
stand cell biology and general endocrinology in 
order to be able to apply this knowledge in- 
telligently and to follow the progress of 
research as it is published in medical journals. 
Therefore,  our presentation should be con- 
sidered as an introduction to the subject and 
the bibliography as an incitement to broader 
reading. 

2. DEFINITION OF ECTOPIC 
PRODUCTION OF HORMONES 

There are now available sensitive im- 
munologic techniques permitting large scale 
screening of sera for specific hormones from 
patients with documented tumours of non- 
endocrine origin. Every known glycoprotein or 
polypeptide hormone has been identified in 
these syndromes. Therefore it is most im- 
portant methodologically to set up criteria to 
distinguish between hormones produced by 
the normal endocrine organ and abnormal 
secretion by tumours from tissue having no 
endocrine function. 

A hormone found in the body fluids can be 
said to result from an ectopic secretion if the 
following criteria are satisfied: 

(i) there is greater concentration of hormone 
in the tumour  than in surrounding normal 
tissue; 

(ii) the hormone can be localized in the 
tumour  by immunological or biochemical 
methods; 

(iii) the hormone disappears after removal 
of the tumour  and reappears if the regrowth of 
the tumour  occurs; 

(iv) there is an arterioso-venous difference 
in hormone concentration across the tumour 
bed; 

(v) it may be possible to detect and measure 
the production of the hormone by the tumour in 
vitro. 

These criteria are useful in most situations. 
However, they should not be considered as 
absolute in view of our present fragmentary 
knowledge of the sites of hormone manufac- 
ture in the normal organism. As new sites are 
discovered, for a particular hormone or group 
of hormones, under normal conditions, their 
interpretation as ectopically produced needs 
revision. This is apparent in the work of Buch 
et al. [6] on the newly described gastrointestinal 
peptide hormones and their cellular dis- 
tribution: it was found that intestinal gastrin is 

localized in a distinct endocrine cell type 
different from the G cells of the antral mucosa 
thought the only cell responsible for this func- 
tion. Also, peptides and protein hormones con- 
sidered as being of pituitary origin have been 
detected within the central nervous system and 
are thought to be synthesized there. These 
hormones might be responsible for eliciting 
behavioral responses [7]. Other peptides have 
similarly been found in the nervous system. 

Another general remark is that multiple 
hormones may be ectopically secreted by a 
single tumour. In the recent literature, reports 
of such multiple hormone productions are in- 
creasing in number, suggesting that this may be 
the rule rather than the exception. In one 
study [8] it was possible to recognize the 
presence of 8 different hormones in a single oat 
cell lung carcinoma: they were ACTH, BMSH, 
AVP, oxytocin, neurophylin, insulin, prolactin 
and CLIP. In this case, the ACTH production 
dominated the clinical picture. The other 
hormones produced no clinical symptoms; the 
concentration of the different hormones 
differed markedly in the primary tumour and 
in the liver metastases [9], a fact of interest as 
suggesting a biochemical heterogeneity among 
the cells of malignant tumours, even if mor- 
phologically similar. Another possible explana- 
tion could be the selective inactivation of cer- 
tain hormones originating in the metastases by 
the liver. 

Finally, a general remark is necessary: in 
certain cases, the clinical endocrine syndrome 
observed in a patient with a tumour should not 
be attributed to an ectopic hormone produc- 
tion, but  is explained by the direct hormonal 
secretion of the normal endocrine gland under 
the influence of ectopic production by the 
tumour  of a releasing factor-like activity [10]. 

All these possibilities should be kept in mind 
by the clinician facing a patient with a tumour 
and an endocrine syndrome. 

3. CLINICAL SYNDROMES AND ECTOPIC 
HORMONE PRODUCTION 

(a) Definition 
Table 1 and Table 2 give the commonest 

examples of clinical syndromes produced by 
ectopic hormone production. It is immediately 
apparent that ectopic hormone secretion is not 
always expressed by a clinical syndrome. For 
instance, in lung cancer, ectopic production of 
ACTH produced Cushing's syndrome in 3 to 
22% of cases, ADH produced antidiuresis in 8 
to 35% of cases, PTH produced hypercalcemia 
in 6 to 16% of cases and gonadotropin 



Table 1. 

Paraneoplastic Syndromes 

Some of the clinical syndromes and most characteristic tumours associated with ectopic 
hormone production 

| 

Hormone Most characteristic Syndrome 
associated neoplasm~ 
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ACTH and related moeities 

Arginine vasopressin 

'PTH' and other 
osteolytic agents 

"Gonadotrophins" 

Human placental lactogen 
(HPL) 
Growth hormone 

Oat cell bronchial carcinoma 
(oat cell predominantly) 
Islet cell carcinoma 
Thymic carcinoma 
Phaeochromocytoma and other 
neuroectodermal tumours 
Cardinoid turnout 
Medullary thyroid carcinoma 
Bronchial carcinoma (oat cell) 
Carcinoid tumours 
Squamous cell carcinoma of 
lung 
Hepatoma 
Hypernephroma 
Mammary carcinoma 
Large cell carcinoma of lung 
Pancreatic carcinoma 
Gastric carcinoma 
Hepatoblastoma 
Hypernephroma 
Bronchial carcinoma 

Bronchial carcinoma 
Carcinoid tumour 

Prolactin 

Calcitonin 
Somatomedin (NSILA) 

Vasoactive intestinal 
peptide (VIP) 

Enteroglucagon 

Erythropoietin 

Hypernephroma 
Bronchial carcinoma 
Oat cell bronchial carcinoma 
Hepatoma 
Mesenchymal turnout 
Adrenocortical carcinoma 
Bronchial carcinoma 

Hypernephroma 

Uterine carcinoma 

From [15]. 

Cushing's syndrome 

Inappropriate 
anti-diuresis 
Hypercalcaemia 

Gynaecomastia 
(adult males) 
Precocious 
puberty 

Gynaecomastia 

Hypertrophic 
pulmonary 
osteoarthropathy 
Galactorrhoea 

Hypoglycaemia 

Watery diarrhoea 
and hypokalaemic 
alkalosis (WDHA) 
Malabsorpdon 
Constipation 
Ervthrocvtosis 

i 

produced  gynecomastia only rarely [11,12]. 
This may be due to several causes among which 
there is the possibility that the ectopic hor- 
mones,  a l though immunologically identical with 
the normal  hormone ,  have a different  biologi- 
cal activity (vide infra ACTH)  associated with 
small biochemical differences. It is also possible 
that  a certain feedback mechanism is main- 
tained in the ectopic secretion, the result of 
which is a low level of secretion of the hor-  
mone.  

The  true incidence of ectopic hormone  
product ion has been and is underest imated:  
factors tending to obscure the true incidence 
are listed below for some of the most common 
biochemical or  clinical syndromes [9]: 

(i) hypercalcemia, failure to follow up a 
patient for a sufficiently long time; 

(if) HPL oxytocin calcitonin, lack of a clinical 
syndrome in the presence of ectopic hormone  
product ion;  

(iii) 'big' A C T H  pro PTH,  product ion of im- 
munologically active but  biologically inactive 
ectopic hormone;  

(iv) a glycoprotein hormone  subunits, 
product ion  of a biologically inactive subunit  of 
the hormone;  

(v) GH,  early death of the patient; 
(vi) A C T H ,  operat ion of a normal  feedback 

regulat ion suppressing ectopic hormone  
product ion;  

(vii) A C T H ,  obscuring ADH secretion, and 
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Table 2. 
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Some reported examples of multiple ectopic hormone production 
i 

Histology Hormones 

Lung 

Liver 
Thymus 

Adrenal 
Stomach 

Oesophagus 

Pancreas 

Oat cell 
Oat cell 
Carcinoid 
Oat cell 

Oat cell 

Oat cell 
Oat cell 
Oat cell 
Adenocarcinoma 
Carcinoid 
Carcinoid 
Carcinoid 

Phaeochromocytoma 
Carcinoid 
Carcinoid 
Carcinoid 
Anaplastic small cell 
Islet cell 
Islet cell 

ACTH, PTH 
ACTH, AVP 
ACTH, AVP, neurophysin 
ACTH, OMSH, CLIP, AVP, 
insulin, oxytocin, neurophysin, 
PRL 
Oxytocin, AVP and neurophysin 
Acth, ~MSH, CT 
ACTH, OMSH, ADH 
ACTH,/3MSH, ADH, CT 
ACTH,/3MSH, CT 
ACTH, OMSH, CT 
ACTH, OMSH, CT 
ACTH, OMSH, CT 
ACTH, somatostatic, gonadotrophin releasing 
activity 
ACTH, /3MSH, CT 
ACTH, ~SMSH, CT 
PTH, CT 
ACTH,/3MSH 
ACTH,/3MSH CT 
ACTH,/3MSH 
PTH, CT 

lack of interest of clinician or lack of laboratory 
facilities. 

As clinicians become better informed and 
more aware of these possibilities, it is probable 
that ectopic hormone production will be 
recognized in the majority of patients with 
cancer. 

(b) Mechanisms of production of ectopic hormones 
Several authors [1,8, 13, 14] have proposed 

the theory that peptide hormones evolve dur- 
ing synthesis storage and secretion through a 
cycle which has been called 'peptide cascade': 
such a cycle appears to occur normally in 
endocrine glands. It is represented as follows: 

Preprohormone ~ prohormone ---> 
/ ca rboxy l  fragment 

hormone.  
\ a m i n o  fragment 

The first precursor is of high molecular 
weight and biologically inert. In ectopic secret- 
ing tumours, contrary to what happens in the 
normal endocrine gland, the progressive 
degradation steps are subject to variations 
explaining the heterogeneity of the ectopically 
secreted hormonal products. From the biolo- 
gically active hormone are derived degradation 
products, carboxyl group which are generally 
inert and amino fragments which may be active 
[1]. 

A good example of this process is provided 
by the succession of events in the production of 
ACTH in tumours [9]. If one studies tumour 
extracts from a tumour secreting ACTH, they 
contain an excess of a peptide which is a frag- 
ment of the complete ACTH. This peptide 
represents the sequence 18 to 39 of the normal 
ACTH and is called the corticotrophin-like in- 
termediate lobe peptide (CLIP), also found in 
the intermediate lobe of the pituitary; it is 
immunoreactive. Another fragment also found 
in tumour extracts is a 15 amino acid peptide. 
The authentic ACTHI_s9 has also been found in 
tumours. This example illustrates the fact that 
ectopically produced hormones may be 
different from the normal hormones, although 
they are usually fragments representing steps 
in the normal chemical evolution of the normal 
hormone or breakdown products of the hor- 
mones, as suggested by recent experimental 
the somewhat imperfect biochemical equip- 
ment of the tumour cell as compared with the 
normal endocrine organ. 

The precursor in the peptide cascade could 
be common for several different peptide hor- 
mone as suggested by recent experimental 
work based on the injection of a messenger 
RNA extracted from tumours actively secreting 
hormones into Xenopus eggs: the precursor 
was found to be uniform for all hormone 
secreting tumours, with a molecular weight of 



Paraneoplastic Syndromes 973 

65,000. The suggestion was made that specific 
enzyme systems in each carcinoma cell were 
able to select the specific polypeptide hor- 
mone liberated from the common precursor 
[16]. 

(c) Frequency of ectopic polyp@tide production 
If biochemical evidence is used as the basis 

of the estimate of this frequency, the occur- 
rence of ectopic hormone production is much 
higher than the occurrence of clinical syn- 
dromes would lead to believe. Odell et al. [17] 
call the ectopic peptide synthesis 'a universal 
concomitant of carcinomatous neoplasia'. Their 
original article should be consulted for details 
of methodology and measurement in human 
tumour extracts and blood. They studied the 
following peptides: ACTH and pro ACTH, /3 
lipoprotein, human chorionic gonadotrophin, 
a glycopeptide chain and vasopressin-vasoto- 
cin. They found elevated levels of these pep- 
tides in over 50% of patients with untreated 
lung carcinoma. The most frequently found 
elevated was the ACTH-pro  ACTH (72% while 
in the same group of patients hCG was found 
in only 7%). Similarly in a group of patients 
with colon carcinoma ACTH-pro  ACTH was 
found elevated in the blood in 58% of the 
patients while hCG was elevated in 6%. The 
peptide pattern was different in lung versus 
colon cancer in that elevated blood BLPH con- 
centrations were not found in colon cancer 
while such concentrations were frequent in 
lung cancer. They confirm that all peptides 
produced by tumours are similar or identical 
with peptides produced by some normal ceils 
of the body at some time during the develop- 
ment of the organism, indicating that the 
humoral substances produced by tumours do 
not derive from a new (viral for instance) 
genetic information in the cancer cell. 

(d) Theories to explain the ectopic production of 
hormones by tumours 

Several theories have been proposed to 
explain this production. 

(i) One theory is based on the derepression 
hypothesis; all varied morphological and func- 
tional cell types of a multicellular organism 
contain the identical genetic code in the 
nuclear acid content. Probably less than 10% of 
the genetic information is expressed, the 
remaining information is repressed or neu- 
tralized. It is suggested that a variable degree 
of liberation of this repressed information 
occurs during cell replication resulting in the 
programmed production of unusual (for this 

cell type) peptides or protein. Although 
mechanism of repression and derepression are 
not fully understood, the process of neoplastic 
transformation may itself modify repression 
controls [18]. 

Furthermore, it is possible that genetic data 
are never fully repressed or inactivated, but that 
in all cells variable quantities of genetic data are 
translated into small amounts of protein or 
polypeptide synthesis. If so, 'ectopic' peptide 
production, in small amounts, would be con- 
sidered a normal cellular event associated with 
normal cellular proliferation but different from 
what occurs in neoplasia by the quantity and 
perhaps the quality of the produced material. 
Such normal production of ectopic hormone 
has been described for human chorionic 
gonadotrophin as will be discussed later. 
However, much experimental confirmation is 
necessary before this production by normal 
cells can be considered a general established 
fact. Such a confirmation should have great 
significance in view of the possible utilization of 
ectopic hormones as tumour markers useful 
for diagnostic or monitoring purposes. The 
usefulness of these markers obviously depends 
on their specificity for tumours, whether this 
specificity is quantitative or qualitative. There 
are objections against the explanation that 
ectopic hormone production is caused by ran- 
dom and non-random depression of the genome 
of the cell. This does not seem consistent with 
the common association of some tumour types 
with specific hormones, for instance ACTH 
and lung tumours, which suggest a non-random 
event. Also, the polypeptide hormones identified 
in ectopic hormonal production are not struc- 
turally different from those found with phy- 
siologic synthesis and secretion of the native 
hormone, which is against the concept of a 
random redepression. 

(ii) Another explanation is based on the 
concept of the APUD cells. Pearse described a 
group of peptide-hormone-forming cells called 
APUD cells (Amine Precursor Uptake and 
Decarboxylation) and proposed that these cells 
have a common origin in the neural crest 
[19, 20]. These APUD cells would be the single 
progenitor cell type associated with peptide 
hormone production and their presence in all 
tumours producing peptide hormones could 
explain the similarity of ectopic hormone 
production by different tumours and also the 
syndrome of multiple ectopic hormone 
production. However, the common origin in 
the neural crest has been disputed by several 
workers [21-23] who think that these cells are 
endodermal and that the similarity of function 
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of the APUD cells is not necessarily correlated 
with a common embryonic origin. 

The non-random association of hormones 
produced with the histological type of the 
tumour  affords evidence for the concept. 
However, there are objections against it 
because several ectopic hormones secreted by 
tumours are not normally produced by APUD 
cells: it is the case for parathormone, renin and 
growth hormone, among others, and these 
hormones are sometimes secreted by oat cell 
carcinoma of the lung. In addition, there is a 
wide range of tumours secreting parathor- 
mone-like properties and such a wide range is 
not explainable by the APUD concept [24] 
because APUD cell type cells have not been 
found in all these tumours. 

(iii) The cell hybridization hypothesis [25] 
does not seem to be able to explain all the 
ectopic humoral syndromes. 

(iv) Therefore there is no unique hypothesis 
at present available to explain fully the mechan- 
ism of ectopic hormone production by tumours. 

Certain authors have proposed that all tum- 
ours secreting ACTH were either turnouts 
of endocrine glands or tumours containing 
endocrine-type cells. They presented im- 
pressive morphological arguments in favour of 
this thesis [26]. 

Biological significance. Apart from its poten- 
tial clinical and pathological significance as a 
tumour marker either at the cellular or at the 
blood serum level, the tumour polypeptide 
production may have fundamental importance 
as expressing the secretion of a useful 
metabolite linked with the particular cell 
differentiation of the neoplastic cell. Ellison [21] 
has suggested that such ectopic hormone 
products may confer a selective advantage to 
the cancer cell over the normal cell, allowmg it to 
proliferate preferentially. 

There is an analogy between this production 
and the growth factors, also turnout products 
[27]. A selective advantage conferred to the 
cancer cell clone by a product, hormone or 
other, manufactured as a result of a gene 
modification, would imply that this product 
appears with a higher incidence than products 
not conferring a similar advantage. Since it is 
known that ACTH and calcitonin are found in 
oat cell carcinoma of the bronchus with an 
unusual high incidence, the suggestion has 
been offered that either one may confer a sur- 
vival advantage to the turnout [11]. 

Neville and Easty [15] have recently sum- 
marized some of the perspectives on the 
mechanisms of cancer growth by ectopic hor- 
mone production and the growth factors 

recently identified in different tissues and 
acting on specific cell lines [27]. There are, for 
instance, a fibroblast growth factor, an epider- 
mal growth factor and a somatomedin (non- 
suppressible insulin-like activity NSILA). All 
these, as well as hormonal peptides, act through 
the agency of specific cell membrane receptors. 

It seems obvious that tumour cells capable of 
producing these factors ectopically should 
enjoy a selective advantage if they were able to 
respond to their presence through inap- 
propriate growth factor receptors. Recent data 
[28, 29] suggest that such may be the case at 
least in certain types of neoplasia. For instance, 
a human fibrosarcoma line has been reported 
to produce a growth factor similar to MSA 
(multiplication stimulating activity), a hormone 
of the group of somatomedins with non-sup- 
pressible insuline activity. Tumours  producing 
hypoglycemia and not of islet cell origin release 
high levels of somatomedin which could be 
related to turnout growth and confer growth 
advantage. The same authors have shown that 
tumour  cells under  certain conditions may 
express ectopic membrane receptors capable of 
responding to growth factors produced by the 
turnout cells themselves. This has been obser- 
ved for neuroblastoma cells and phaeoch- 
romocytoma cells in vitro. Therefore the study 
of the biology of ectopic tumour products may 
lead to a new understanding of cancer cell 
proliferation by autostimulation. This concept 
also applies to ectopic hormones, since it has 
been shown that human cancer cells producing 
high molecular weight forms of calcitonin have 
receptors capable of binding the monomeric 
form of calcitonin. Another example of auto- 
stimulation may be found in the production of 
corticotrophin-like releasing activity often in 
association with ectopic ACTH secretion [30]. 

Certain authors have proposed that moieties 
derived from ectopic hormones produced in 
precursor forms be tested for growth and cell- 
selective advantage. In the case of big ACTH, 
its components tested for growth advantage 
conferred to the tumour  are known to break 
down to yield a series of biologically active 
compounds including active ACTH, /3-LPH, 
#-MSH, endorphins and enkephalins and they 
should all be tested [15]. 

Confirming what has been said before, the 
same authors have shown that extracts of all 
normal, non-cancerous tissues contain small 
quantities of immunoreactive HCTH,  of /3 
lipotropin, of a glycopeptide chain and of 
hCG, but always in smaller amounts than can- 
cerous tissues. They conclude that peptide 
translation is not totally repressed or in- 
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activated in normal cells. However, the 
presence of the 5 peptides in abnormal 
amounts in the blood may be a diagnostic aid 
for the detection of cancer. While the produc- 
tion of peptides is a property of all cells, the 
data show that in cancer, the control of this 
production is lost. Similar data have been pub- 
lished by Ratcliffe and Podmore [31]. Obviously, 
studies of additional peptides in a broader 
variety of cancers is imperative in order to 
extend the concept and confirm its usefulness as 
a diagnostic test. Additional considerations of a 
general nature will be found in the following 
paragraphs dealing with individual syndromes. 

4. INDIVIDUAL ENDOCRINE 
SYNDROMES 

(a) Ectopic A C T H  syndrome 
Ectopic ACTH secretion is associated with 

MSH production and for this reason the syn- 
drome is often called the A C T H - M S H  syn- 
drome. This has been the first recognized 
paraneoplasia syndrome and is one of the best 
studied. Excellent accounts of the discovery of 
the syndrome and the biochemical and clinical 
manifestations are found in several pub- 
lications [1,8,13]. This was recognized by 
clinicians long before biochemists and biologists 
became interested and is a good example of the 
contribution of clinical medicine to basic 
research. 

The clinical syndrome. There is a metabolic 
abnormality corresponding to elevated steroid 
levels (plasma cortisol exceeding 40/xg per 
100 ml). This produces muscular wasting with 
weakness and occasionally diabetes and mild 
hypertension. The blood electrolyte abnor- 
mality is a hypokalemic alkalosis similar to that 
seen in advanced Cushing's disease. If the 
tumour is an oat cell carcinoma of the lung, in 
the absence of treatment, the evolution may be 
very rapid and the body habitus of Cushing's 
syndrome has no time to develop. 

But if the tumour is less aggressive and is not 
diagnosed, the patient may be diagnosed as 
having the ordinary pituitary dependent  Cush- 
ing's disease: this has been observed in cases of 
thymoma, carcinoid phaeochromocytoma or 
pancreatic carcinoma. Hypokalemia is an im- 
portant sign which, in the absence of another 
cause, suggests an ectopic ACTH source. The 
secretion of large amounts of biologically active 
ACTH has been most commonly associated 
with carcinoma of the lung; especially the oat 
cell type (50% of clinical cases) [26]. There is 
also an elevation of androgen production and 
the very high levels of dehydroepiandrosterone 

sulfate in plasma is seen only in adrenal car- 
cinoma and ectopic ACTH syndrome. Other 
turnouts (see Table 1) may produce the syn- 
drome. It has even been reported in a case of 
colon carcinoma [8]. 

Diagnosis. There  are marked increases of 
free cortisol and adrenal androgen production 
seen only in adrenal carcinoma or in this syn- 
drome. Plasma cortisol and plasma ACTH 
levels often exceed 40 ~g% and 200 pg/ml res- 
pectively. They are not suppressed by the ad- 
ministration of dexamethasone in doses which 
suppress plasma corticosteroids of the pituitary 
dependent  Cushing's disease. 

However, exceptions have recently been 
observed to this lack of suppression in the 
ectopic syndrome [32]. This is true especially in 
patients with bronchial carcinoids or with 
thymomas [33-35] and it has been explained by 
the tumour Production of the corticotropin- 
releasing hormone (CRH), a peptide control- 
ling pituitary ACTH secretion which is in- 
hibited by dexamethasone while ectopic ACTH 
is not [10]. 

Venous sampling has been used to demon- 
strate ACTH secretion in the venous blood of 
the turnout and differentiate ectopic secretion 
from eutopic secretion [36]. 

The question of the relationship between 
plasma immunoreactive ACTH and/3MSH is a 
complicated one in view of the artefactual 
nature of flMSH. This is discussed in detail by 
Scott, Lowry et al. [37, 38]. The flMSH extrac- 
ted from plasma is an artefact of the methods 
of extraction and purification. It is split from 
larger peptides lipotropin (LPH) containing the 
entire flMSH sequence and does not exist as 
such in plasma. 

OdeU et al. have shown that 90% of turnout 
extracts from a variety of carcinoma types con- 
tain flLPH, which is also elevated in the blood 
of patients with untreated lung cancer without 
the ectopic ACTH syndrome [17]. It is not 
surprising that plasma and tumour ACTH and 
/3SMH and f lLPH correlate since these 2 pep- 
tides ACTH and jSLPH are synthesized by the 
same pituitary cells. Roberts et al. reported that 
messenger RNA for ACTH directed synthesis 
of one large precursor molecule containing 
both ACTH and /3LPH. This explains the 
hyperpigmentation observed in patients with 
the ectopic ACTH syndrome [39]. Ectopic 
ACTH secretion by benign tumours has been 
observed. However, in these cases, the under- 
lying tumour  usually is derived from an endo- 
crine tissue or organ. This is the case for the 
benign adrenal non-catecholamine-secreting 
phaeochromocytoma described in [8]. The 
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presence in plasma of detectable ACTH not 
suppressed by dexamethasone is indicative of 
the presence of a tumour. If this was surgically 
removed or treated by irradiation with con- 
comitant disappearance of the ectopic ACTH, 
reappearance of the hormone is a sign of 
recurrence of the tumour. The effect of che- 
motherapy of oat cell carcinoma, which has 
become an effective method of treatment in 
recent years, can also be monitored by ACTH 
measurements whose elevation may antedate 
clinical recurrence of the tumour. 

(b) Ectopic A C T H  secretion without clinical 
expression 

There is a striking contrast between the large 
number of patients with oat cell carcinoma 
having no endocrine syndrome and the small 
percentage exhibiting the symptoms of hyper- 
corticism. Even so more than half the patients 
with oat cell carcinoma of the lung have raised 
cortisol level resistant to dexamethasone ad- 
ministration. Significant amounts of ACTH 
have been found in a high proportion of lung 
cancer, including the non-oat cell type. This 
indicates that a systematic search for endocrine 
abnormalities should be instituted even in the 
absence of a clinical syndrome. 

Bloomfield [40] measured ACTH concentra- 
tion in 14 lung tumours from patients without 
the clinical syndrome. As controls they used lung 
tissue taken at a distance from the tumour and 
appearing macroscopically normal. An im- 
portant observation was the discovery of levels of 
ACTH in the non-tumorous lung correlating 
well with the corresponding tumour concen- 
tration. This was interpreted as either a pre- 
malignant change or as a result of stimulation of 
the normal endocrine cells present throughout 
the lung by the tumours. Another interpretation 
was that the hormone secreting granules in the 
tumour ceils might metastasize to other parts of 
the lung. These observations show the com- 
plexity and the many unknown factors of ectopic 
hormone production. 

(c) Hypercalcemia and parathormone 
Hypercalcemia is a common finding in 

patients with carcinoma. Yet as many as 10% do 
not show bone metastases. When bone metas- 
tases are present, osteolysis by the growing 
carcinoma is the usual explanation for the 
hypercalcemia usually accompanied by hyper- 
phosphatemia in contrast to the hypophosphao 
temia seen in hyperparathyroidism. On the 
other hand, hypercalcemia without bone 
metastases has been reported in patients with 

acute myeloblastic leukemia, with hyperneph- 
roma and bronchogenic carcinoma of all his- 
tological types except perhaps oat cell car- 
cinoma [41]. This hypercalcemia was attributed 
to the production by the tumour of a para- 
thormone-like activity [42,43] until several 
patients with hypercalcemia and bronchogenic 
carcinoma without bone metastases were des- 
cribed in whom no parathormone-like activity 
could be detected and made responsible. This 
hypercalcemia has been attributed to the 
activity of prostaglandin and this hypothesis 
has been supported by positive identification of 
prostaglandin metabolites in the urine of some 
hypercalcemic patients [44] and also by the 
occasional decrease in blood calcium when 
these patients were treated with indomethacin, 
a inhibitor of prostaglandin. However, there 
are contrary views on the action of pros- 
taglandin [45] and as of now, the understand- 
ing is that hypercalcemia may be caused by a 
parathormone-like material or by prostaglan- 
din. Some of the methodological difficulties 
inherent to the interpretation of parathyroid 
hormone assays are discussed in a recent paper 
[46]. The hypercalcemia of multiple myeloma 
has been attributed to an osteoclast-stimulating 
factor (OSF) present in extracts from myeloma 
cells [47]. 

(d) Chorionic gonadotrophin 
The human chorionic gonadotrophin (hCG) 

is normally secreted by the placenta and is 
easily detectable in the blood during preg- 
nancy. It is made of 2 subunits (a and/3) which 
are dissimilar and exhibit the same quaternary 
structure as the three other glycopeptide hor- 
mones, TSH, LH and FSH. The different 
biological activities and immunological reac- 
tivities of the 4 hormones are accounted for by 
differences in the /3 subunits while the a 
subunits are similar or identical. Methods of 
detection of the hCG are based on the use of 
highly purified antiserum able to detect hCG 
specifically. Details on methodology are available 
in reviews by Vaitukaitis [48] and Odell [49]. 
Ectopic gonadotrophin secretion initially was 
revealed by accompanying clinical syndromes 
in prepubertal boys. This ectopic secretion was 
commonly associated with hepatoblastoma 
expressing itself by the appearance of preco- 
cious puberty. Lung tumours in adults have 
shown gynecomastia by a similar mechanism 
[50]. As for hCG specifically, a wide variety of 
tumours secrete it among which the following 
are listed: breast, all sections of the gastroinin- 
testinal tract, lung, melanoma, ovary and testi- 
cle. The most elevated levels were found in 
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tumours of the gastrointestinal tract, some- 
times exceeding levels found in pregnancy. No 
clinical manifestations of these levels of 
secretion may be apparent,  perhaps because of 
the short duration of the exposure or for other 
reasons. 

Large series of patients have been studied 
and the results are revealing: in 186 patients 
with carcinoma of lung and colon, ap- 
proximately 25% had elevated a chain concen- 
trations and 6% had elevated hCG concen- 
trations [49]. It was also found in extracts of a 
great variety of tumours. In the study of Kahn 
[51], 76 patients with functioning islet-cell 
turnouts were investigated--serum hCG, hCG 
and a or /3  chain of hCG was elevated in 63% 
of the 27 patients with malignant tumours and 
not elevated in any with benign neoplasm. 
These results suggest a remarkable degree of 
predictability for malignant turnouts, but 
without specificity for the histological type since 
similar high levels are found in cancers of lung, 
colon or stomach. 

There is also, of course, secretion of gonado- 
trophin by tumours of trophoblastic origin and 
measurement of this secretion has been used 
for a long time in the diagnosis and monitoring 
of this type of turnouts. However, this does not 
represent an ectopic type of hormone produc- 
tion since the tissue of origin of the tumour 
normally secretes these hormones: this will not 
be discussed here. 

The gonadotrophin secretion provides the 
opportunity to mention recent data indicating 
that perhaps malignant cell replication is 
commonly or universally associated with ecto- 
pic peptide production and this is particularly 
apparent in the case of hCG, a and /3 chain 
[49]. Recent data indicate that low but appreci- 
able levels of the hCG are usually secreted in 
the normal, non-pregnant individuals: under 
these conditions, this secretion has been called 
ectopic, although the source is unknown. The 
significance of these observations is that 
secretion of hormones may not always be 
confined to an endocrine gland, even in the 
normal organisms. The hCG was especially 
suitable for the demonstration of this fact, since 
with other hormones, circulating levels are al- 
ways normally present. The demonstration that 
one, and conceivably other, polypeptide hor- 
mones are normally secreted outside of the 
specific endocrine organ in the normal 
organism is an exciting development which 
may herald new interpretation of the endo- 
crine paraneoplastic syndromes. Although 
other examples of other non-neoplastic ectopic 
hormone production are available in the lit- 

erature, this one appears particularly interesting 
since hCG can now be considered as a normal 
hormonal production in non-pregnant in- 
dividuals, hCG is also described in patients with a 
variety of non-cancerous gastrointestinal dis- 
eases, among which Vaitukaitis [48] lists regional 
enteritis, ulceration, colitis, cirrhosis and peptic 
ulcer. However, this observation was based on 
immunological methods without other charac- 
terization. 

Recently Borkowski et al. have extended and 
confirmed these observations after extraction 
and purification of the human chorionic 
gonadotropin from the plasma proteins of heal- 
thy normal blood donors. The hormone was 
detected in 12 out of 16 normal subjects, of whom 
13 were men. The source of the hormone is 
unknown, but the authors speculate that this 
'ectopic' secretion of a protein hormone may be a 
normal phenomenon perhaps associated with 
rapid proliferating cells, not necessarily malig- 
nant. These observations are important as sug- 
gesting new concepts and interpretations of 
normal and abnormal hormone secretion 
[51a, b]. 

Of interest to the clinician is the fact that 
tumours secreting hCG often secrete other 
markers, the concentration of which vary in- 
dependently. Chemotherapy may selectively 
suppress one of the markers, or on recurrence 
after remission one of the markers may not 
reappear; this knowledge is important to the 
clinician monitoring the treatment by measur- 
ing markers [49] 

(e) Growth hormone 
There have been two cases of carcinoma of 

the lung where some abnormality in the values 
of growth hormone were reported. The ele- 
vated values were not suppressed by a glucose 
load and in one patient the abnormality per- 
sisted after removal of the tumour [52,53]. 
Growth hormone production by lung car- 
cinoma has been invoked, without strong evi- 
dence, to explain the hypertrophic pulmonary 
osteoarthropathy of the secondary type which 
is most often accompanying lung carcinoma 
although other non-cancerous disease may be 
associated with the syndrome. The primary 
type of the syndrome appears after puberty 
and is a hereditary trait [54]. 

(f) Ectopic placental lactogen 
This hormone has been found in a variety of 

non-trophoblastic tumours, including tumours 
in a man and in a non-pregnant woman 
[55, 56]. The lactogen has many similarities with 
prolactin. Its ectopic production does not seem 
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to be associated with a clinical syndrome. 
Bronchial carcinoma is the type of tumours in 
which it has been detected. 

(g) Calcitonin 
Calcitonin has been found in the serum of 

patients with oat cell carcinoma of the lung. It 
has also been observed in the plasma and leuco- 
cytes of patients with certain myeloproliferative 
disorders [57] and in 23 out of 28 patients with 
breast carcinoma [58] whose cell cultures 
released the hormone in vitro. It has been sug- 
gested that calcitonin secretion could be used in 
the staging of breast cancer. Other authors 
have extended the significance of ectopic cal- 
citonin by showing the 59% of 85 tumours 
collected at random contained immunoreactive 
calcitonin [58]. These authors conclude that 
calcitonin is a common product of the APUD 
tumours and that, in their experience, ectopic 
calcitonin tumour  production is often associ- 
ated with ectopic ACTH and /3 melanocyte- 
stimulating hormone. 

(h) Hypoglycemia and cancer (somatomedin) 
Hypoglycemia is observed in a wide variety 

of neoplasms. These usually are not the types 
of tumour responsible for ectopic hormone 
production as described above. They are 
mostly mesotheliomas such as fibrosarcoma, 
neurofihroma, mesenchymoma, etc. The neo- 
plasms are usually large and bulky; ap- 
proximately 33% are abdominal, peritoneal and 
retroperitoneal [59]. The explanation of this 
type of hypoglycemis is not entirely known. It 
has been attributed to the elaboration by the 
tumour  of a somatomedin peptide produced by 
the liver possibly under the stimulation of the 
growth hormone. When hepatoma produces 
somatomedin this cannot be considered an 
ectopic hormone production since liver is the 
normal organ of origin. Somatometidin has an 
insulin-like action ('non-suppressible insulin- 
like activity'). Studies by Megyesi [60] have 
revealed this insulin-like action in patients with 
a variety of carcinomas without radioim- 
munological evidence of the presence of in- 
sulin. However, radioimmunoassayable insulin 
has also been found in 2 patients with car- 
cinoma of the cervix [61]. Nevertheless, it 
seems that somatometidins are probably the 
most frequent causes of hypoglycemia in non- 
pancreatic malignant tumours. 

(i) Vasoactive intestinal peptides 
Clinical syndromes produced by peptides 

active on the gastro-intestinal tract may not be 
ectopic when seen in turnouts of the stomach 
and intestine since they are normally produced 

by cells of the gastrointestinal tract. The Zol- 
linger-Ellison syndrome is caused by pancreatic 
tumour secretion of gastrin and resulting 
ulcerations of the stomach and duodenum. 
Whether this is an ectopic or non-ectopic 
secretion is debated [62]. These tumours con- 
tain gastrin and big gastrin (respectively 34 and 
17 amino-acids, or 13 aminoacids); they are 
secreted under the influence of secretin. 

Islet cell carcinoma of the pancreas and 
other tumours have been associated with a 
water diarrhea syndrome with hypokalemia 
and hypochlorhydria [63]. This syndrome is 
caused by secretion of various vasoactive 
products by the tumours [64]. 

(j) Arginine vasopressin 
Ectopic secretion of AVP produces a syn- 

drome characterized by hyponatremia, hyper- 
volemia, high urine osrnolality and high urine 
sodium concentration. It is seen mostly in car- 
cinoma of the lung of all histological types, but 
has occurred in association with carcinoma of 
the prostate and Hodgkin's disease [65,66]. 
According to Gilby et al. [67] 40% of oat cell 
carcinomas are associated with inappropriate 
argine vasopressin secretion. This can be 
identified by radioimmunoassay and is identical 
with the normally secreted AVP [47]. The syn- 
drome is clinically and biochemically demon- 
strable in many patients, especially if given 
excess water. Water should be restricted in 
these patients. Recently a similar syndrome has 
been described in carcinoma of the bladder 
[68]. The production of an identical syndrome 
has been also attributed to the administration 
of vincristine, endoxan and other chemical 
agents. 

(k) Multiple hormone production by a single tumour 
We have already alluded to this 

phenomenom in the introduction. Examples of 
this occurrence have been re-emphasized in the 
recent literature. An islet cell tumour of the 
pancreas was described [69, 70] which, in ad- 
dition to insulin, secreted glucagon, serotonin, 
ACTH, /3MSH, gastrin and a secretin-like 
hormone. The association of these diverse 
active polypeptides occasionally cause the ap- 
pearance of bizarre syndromes which are 
difficult to diagnose if the cause, a malig- 
nant tumour, is not recognized. Such 
unusual associations of endocrine ab- 
normalities should suggest the diagnosis of 
cancer. Other recent examples of multiple 
hormone ectopically and eutopically produced 
are found in the observation of an adrenocor- 
tical carcinoma with three major endocrine 
abnormalities attributable directly to the 



Paraneoplastic Syndromes 979 

tumour:  hypercortisolism (Cushing's syn- 
drome), hyperoestrogenism (feminization) and 
hypercalcemia (pseudohyperparathyroidism) 
with normal parathyroid glands at autopsy [71]. 
Well documented cases of multiple ectopic 
hormone production have been described for 
prostatic cancer [72] and small carcinoma of the 
lung [73]. Easty and Neville have listed some 
reported examples of multiple ectopic hor- 
mone production (Table 2). 

5. OTHER ABNORMALITIES 
ASSOCIATED WITH THE PRESENCE 

OF TUMOURS 

There  are several syndromes associated with 
the hyperactivity of tumoral tissue in secreting 
the normal secretory products of the tissue of 
origin. These are not ectopic secretions since 
they reflect the activity of the normal tissue 
from which the tumour originated. The in- 
creased production of secretory products by 
the tumour  is not so much the result of the 
increased volume of secreting tissue as the loss 
or alteration of the feedback mechanism which 
regulates the normal secretion by normal tis- 
sue. This explanation results from the con- 
sideration that in normal circumstances there 
is always a considerable excess of secreting tis- 
sue as compared to the amount of product  
needed even under  extreme demand. Regula- 
tory mechanisms maintain a normal secretion 
and this is what appears to be altered when a 
turnout secreting the normal product of the 
gland does so in an inappropriate way. 

(a) Erythrocytosis 
An example of this is provided by the eryth- 

rocytosis associated with renal turnouts (ap- 
proximately 5%) and, rarely, liver tumours. 
Normally, the kidney is the usual site of 
erythropoietin production but other tissues, 
particularly the liver, respond to severe 
hypoxia by secreting erythropoietin [74, 75]. In 
renal tumours, the erythrocytosis represents an 
excess production of the normal product of the 
tissue from which the tumour arises. Cerebellar 
hemangioblastoma is another tumour associ- 
ated with polycytemia [76]: erythropoietin has 
been isolated from cerebellar cysts in these 
cases. Polycytemia has also been observed in 
adrenal cortical turnouts producing androgens. 
These are able to sensitize the erythrocyte 
population to the proliferating action of eryth- 
ropoietin [77]. These types of polycytemia are 
not associated with a decreased arterial oxygen 
saturation and may be difficult to distinguish 
from polycytemia vera. Erythropoietin in in- 
creased amounts can be demonstrated in the 

blood and urine. The polycytemia disappears 
with eradication of the responsible tumour. 

(b) Blood plasma defibrination 
The first report  of defibrination with 

fibrinolysis associated with disseminated cancer 
was reported in 1952 [78] and additional cases, 
showing the frequency of the syndrome, were 
reported in 1953 [79]. A study of fluctuating 
fibrinogen levels and other coagulation factors 
over a period of observation of 150 days in a 
patient with cancer of the prostate [80] showed 
that these manifestations were closely associ- 
ated with periodic growth, and regression of the 
cancer induced by oestrogen treatment. Such 
defibrination has been produced experiment- 
ally in dogs by the injection of trypsin and 
thrombin [81]: this syndrome of defibrination 
has been since described in innumerable arti- 
cles, and found associated with cancer or non- 
cancerous conditions. Evidence has been 
forthcoming that defibrination may be caused 
by intravascular coagulation with or without 
accompanying fibrinolysis, or to primary 
fibrinolysis not necessarily associated with in- 
travascular coagulation. Direct fibrinogenolytic 
and fibrinolytic activity have been demon- 
strated in the human prostate, both in adenoma 
and prostatic cancer [80]: therefore defibrina- 
tion could be caused by the internal prostatic 
secretion. The question of the mechanism of 
production of this type of hemorrhagin dia- 
thesis in cancer is still under advisement [3]. It 
should be noted that intravascular coagulation 
and fibrinolysis could coexist without being 
casually related since the same intracellular tissue 
fraction contains activators of plasminogen 
[82]. 

(c) Carcinoid turnouts 
Carcinoid tumours produce the well known 

carcinoid syndrome characterized by flushing, 
diarrhoea and occasional wheezing respiration. 
Right sided heart failure was sometimes obser- 
ved accompanied by right sided valvular 
defects and thickening of the endocardium of 
the right heart. The carcinoid tumours ori- 
ginating in the argentaffin tumours of the in- 
testinal wall are often benign, but the malig- 
nant forms metastasize in the lymph nodes and 
the liver. Liver metastases from intestinal 
tumours appear to be necessary for the 
production of the syndrome. 

This is explained by the secretion of 5-HT in 
increased amounts in the blood. This com- 
pound is formed from 5-hydroxythryptophane 
and broken down to 5 HI AA, whose detection is 
important for the diagnosis. The outflow of 
tumour products should be directly into the 
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heart in order to produce the syndrome. 
Besides metastases in the liver, this condition is 
fulfilled by carcinoid tumours of the bronchi or 
of ovarian teratomas draining into the vena cava. 
Serotonin is inactivated by passage through the 
lung and this probably explains why the left 
side of the heart is not affected. This carcinoid 
syndrome is extensively and clearly described 
and analyzed in the monograph of Walden- 
str6m, who has been the main contributor to 
the discovery and knowledge of this syndrome 
[3]. 

(d) Medullary thyroid carcinoma 
This is a histologically undifferentiated 

tumour containing large amounts of amyloid. 
This tumour produces calcitonin, as does the 
tissue of origin represented by cells normally 
found in the thyroid gland. These tumours 
occur often in association with other tumours, 
such as pheochromocytoma, mucosal 
neuroma, etc. These tumours may have a 
good prognosis and calcitonin blood levels 
should be monitored for diagnosis and sur- 
veillance of treatment [83]. 

(e) Pheochromocytoma 
These tumours originate from cells of the 

autonomous nervous system and in the blast 
form are the neuroblastoma. These are very 
malignant and their cells do not contain 
granules. Pheochromocytomas secrete cate- 
cholamines which produce hypertension and an 
elevated basal metabolism. The measurement 
of catechloamines and metabolites in the urine is 
important for the diagnosis of pheochromocy- 
toma and also (see below) for neuroblastoma: 
neuroblastoma patients do not excrete 
epinephrine but do excrete norepinephrine [3]. 

6. BIOCHEMICAL MARKERS FOR DIAG- 
NOSIS, LOCALIZATION AND MONITOR- 

ING OF CANCER 

Ectopic hormones serve to some extent as 
indicators of the presence of a tumour. But by 
and large so far their detection and measure- 
ment have not been useful for the diagnosis 
because the tumour is clinically apparent 
before they are detected. The exact correlation 
between size of the tumour and appearance of 
ectopic hormones is not known. Obviously their 
detection either in the blood or by the hor- 
monal syndrome they produce should precede 
the clinical manifestations of the tumour 
growth if the purpose of early diagnosis is to be 
served. It is conceivable that further 
methodological refinement in the biochemical 

tracing of very small amounts of ectopically 
produced hormone may some day contribute 
to early diagnosis of cancer, this means the 
diagnosis of cancer well ahead of its clinical 
appearance. 

However, present methods based on 
radioimmunoassays are already measuring 
amounts of hormones so small that this 
achievement was inconceivable 10 to 15 years 
ago. The value of ectopic markers (not re- 
viewed here) such as hCG and its subunits for 
gestational choriocarcinoma, aFP for hepa- 
tomas or yolk sac carcinomas, calcitonin and 
medullary carcinoma, steroid hormones and 
adrenocortical tumours is well recognized and 
routinely employed in the diagnosis and 
treatment of these specific types of tumours 
[83]. 

There are other markers which are not hor- 
mones and are diversely related to the presence 
of certain types of tumours, do not produce 
clinical syndromes and probably do not properly 
belong to this review. However, they should be 
mentioned here for the sake of completeness and 
because they represent a field of investigation 
which holds promise for the future of the early 
detection of cancer. However, no definite results 
have been obtained so far and this field should 
still be considered as being at the experimental 
stage. There have been several general reviews 
of biological cancer markers which should be 
consulted for a detailed discussion of the subject 
presented below in summarized form [3, 84, 85]. 

(a) Carcinoembryonic antigen 
Carcinoembryonic antigen (CEA) originally 

was identified by means of a heterologous 
antiserum prepared against colon carcinoma 
extracts and purified by absorption with nor- 
mal extracts. The early hope was that detection 
of CEA would be specific for colon cancer but 
it was soon found that abnormal high levels of 
CEA were found in the blood of patients with a 
wide variety of tumours as well as non-malig- 
nant diseases and after blood transfusion. Im- 
provement in the purification of the CEA 
antigen may in the future increase the accuracy 
of the test. Clinical studies with CEA have been 
published recently [86, 87]. There are 2 clinical 
situations in which monitoring CEA has use- 
fulness, namely the follow-up of patients with 
colo-rectal cancer and the prognostication of 
patients treated for breast carcinoma. 
However, Moertel et al. [88] denied that CEA is 
adequate for detecting early recurrence of 
treated carcinoma. Neville stated that CEA can 
help in the detection of tumour dissemination 
but has little value for the prognostic 
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stratification of stage I and II of breast cancer. 
There are, of course, many other methods 
besides the uncertain CEA determination, to 
detect and define dissemination of breast 
cancer [89]. Therefore CEA should be con- 
sidered at present as an experimental diag- 
nostic test, still in need of much improvement 
and refinement to acquire specificity and 
safety. As of now it has limited usefulness for 
monitoring the results of treatment and the 
early detection of recurrence of treated 
tumours. Interest of the clinicians in this type 
of diagnostic methods will constitute a stimulus 
for the pursuit of biochemical and biological 
research in this field. 

(b) Alpha [oetoprotein (aFP) 
This is the first globulin to appear in mam- 

malian serum in early embryonic and foetal life 
with a maximum level in humans at 12-14 weeks 
of foetal age. The adult level is very low, at 
10-15 mg/ml. The detection and measurement 
of this antigen in adults has been of help in the 
diagnosis and follow up of patients with hepa- 
toma and germ cell tumours [86, 87]. 

(c) Leukemia cell markers 
Leukemia cells in humans are considered 

heterogenous despite a similar histological ap- 
pearance. By means of immunological, enzy- 
matic and chromosomal studies, great progress 
has been made in identifying several subgroups 
of leukemia with different prognoses and 
different therapeutic indications. For details of 
this very specialized field, the reader is invited 
to consult the general reviews in this biblio- 
graphy [83]. 

(d) Miscellaneous 
There are several other markers at present 

under  study, none of which has attained the 
level of clinical usefulness. However, there is 
no question that this type of study is ab- 
solutely essential for the improvement of our 
possibilities of early detection of cancer. 

7. CONCLUSION 

The discovery of ectopic hormone produc- 

tion by neoplasms was made by clinicians long 
before biologists and biochemists became in- 
terested in the subject. However, the progress 
of biochemical methods for the measurement 
of minute amounts of hormone almost due 
entirely to the ratioimmunoassays has led to 
impressive development of the subject of 
hormonal paraneoplastic syndromes. 

This field is of great interest to the clinician 
in general and particularly the oncologist. It is 
important that he should keep himself in- 
formed of the evolution of the discoveries 
because clinical application of the advances in 
this field will probably become an essential 
contribution to the diagnosis of cancer in the 
near future. In the presence of the very un- 
satisfactory present state of the diagnosis of 
cancer at an early stage, this new biochemical 
approach may represent our hope for a real 
early diagnosis based on detectable biochemical 
abnormalities in body fluids appearing well 
before the cancer reaches the presently recog- 
nizable size. Increasing collaboration between 
clinicians and biochemists particularly in cancer 
centers, and the extension to large series of 
patients of the techniques developed in the 
research laboratory, are necessary for rapid 
progress in this important area of cancer con- 
trol. 

The clinical syndromes present another in- 
terest for the clinicians. They are markers and 
can be used in diagnosis and treatment. The 
presence of clinical syndrome will suggest the 
diagnosis of cancer to the informed clinician. 
From now on this diagnostic possibility should 
always be kept in mind and verified in every 
patient with an endocrine abnormality, especi- 
ally when it is unusual, as is the case for the 
multiple ectopic hormone production. 

Finally, the presence of polypeptides on the 
cancer cell membrane, considered by certain 
authors as a universal characteristic of malig- 
nant tumours, opens new possibilities of 
therapeutic approaches since these peptides 
may be indispensable for the growth of the 
cancer and their neutralization or inactivation 
may seem to be within the capabilities of 
present day medical science. 
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II. Neurological Paraneoplasia J. HILDEBRAND 

THE MECHANISM or mechanisms by which 
remote effects of cancer may produce lesions of 
the nervous system is the most poorly under- 
stood domain of the paraneoplastic diseases. 
Before considering the difficult problem of the 
relationship between malignancy and different 
disorders of the nervous system one has to 
stress the great variety of diseases attributed to 
the remote effects of cancer. A guide for their 
classification, based on clinicopathological fea- 
tures, was first provided by Brain and Adams 
[1]. We have recently reviewed the clinical and 
pathological characteristics of these disorders 
[2], and these are only briefly summarized in 
Table 1. 

As already mentioned, the pathogenesis of 
the carcinomatous neuropathies remains 
poorly understood. It is unlikely that the 
etiology of such a heterogeneous group of dis- 
eases is unique, and therefore it is not surpris- 
ing that several mechanisms have been con- 
sidered. 

1. P R O D U C T I O N  OF HORMONES,  PRO- 
TEIN, OR OTHER SUBSTANCES BY NEO- 

PLASTIC CELLS 

Neurological disorders due to abnormal and 
excessive production of hormones by turnout 
cells represent truly paraneoplastic syndromes 
which may be cured by the removal of neo- 
plasia. These neurological disorders are usually 
associated with oat cell lung carcinomas and 
consist of metabolic encephalopathies which 
may be due not only to an abnormal produc- 

tion of hormones but also to other, less specific 
causes related to cancer (Table 2). 

A rare clinical condition characterized by 
disturbed consciousness is encountered in 
hyperviscosity syndrome due to an excessive 
production of protein by tumour cells. The 
syndrome is more common in macroglobuline- 
mia that in myeloma, where impairment of con- 
sciousness is more likely to be related by hyper- 
calcemia [3]. 

The last example of a disorder which is cer- 
tainly caused by the release of active substances 
by the tumour cells is the carcinoid-syndrome 
myopathy [4]. This very rare condition is due 
to the production of serotonin and possibly also 
of histamine or kalliterine. These products are 
able to reach the systemic circulation only when 
the digestive carcinoid tumours produce liver 
metastases or when they arise outside the 
digestive tract. It should be pointed out that in 
rats serotonin causes muscle weakness which 
may be prevented by antiserotonin drugs, if 
they are given prior to serotonin ad- 
ministration [5]. 

In all other forms of carcinomatous neuro- 
pathies, the production by the turnout of sub- 
stances responsible for the remote effect of 
cancer on the nervous tissue remains specula- 
tive. Generally there is no correlation between 
the response to treatment of the neuropathy 
and that of the underlying malignancy, and no 
correlation between the extent of the neoplasm 
and the severity of the neurological disease. 
The relationship between the so-called car- 
cinomatous neuropathies and cancer is there- 
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fore based on the alleged frequency of their 
association. In two diseases, the Eaton-Lambert  
syndrome and the polyneuropathy of myeloma 
patients, this association is very striking, sug- 
gesting that indeed the underlying neoplams 
may cause the neurological disorders in the same 
way. 

Eaton-Lambert  syndrome satisfies several 
criteria of a truly paraneoplastic disease. In 
patients with this syndrome, malignant 
turnouts are frequent. For instance, of 40 
patients reported from the Mayo Clinic 28 
(70%) has malignant tumours and 20 out of 28 
were small cell lung carcinomas. Another inter- 
esting feature of this syndrome is its response to 
the treatment of the mulignant turnout. 
However, details concerning such remissions are 
scarce [6]. 

Finally, an acetone extract of cancer tissue 
from a patient with Eaton-Lambert  syndrome 
has been shown to produce in vitro a defect in 
neuromuscular transmission in a frog nerve- 
muscle preparation by reducing the release of 
acetylcholine from motor nerve endings [7]. 
This observation suggests the production by 
the tumor of a factor able to modify the 
neuromuscular transmission, but  the substance 
has not been yet isolated and characterized. 

Peripheral neuropathies of myeloma 
patients, which occur without amyloidosis 
deposit, also suggest a remote action of the 
neoplastic tissue on the nervous system. In the 
osteoblastic variety of myelomas such polyneu- 
ropathies are seen in one third of the cases, and 
according to Davis and Drachmann [8] they 
frequently improve after radiotherapy of the 
neoplasm. In the same cases reported by Wal- 
denstr6m and Japanese authors, polyneuropa- 
thy is associated with other disorders such as skin 
pigmentation and thickening, peripheral 
oedema, excessive perspiration, gynaecomastia 
in males, frequent diabetes mellitus and hyper- 
tricbosis [3]. 

2. VIRAL INFECTIONS 

Immunodepression of cancer patients due in 
part to the neoplastic disease itself, and partially 
to various treatment modalities including sur- 
gery, radiotherapy, chemotherapy and ad- 
ministration of corticosteroids, increases the in- 
cidence of infections, especially in patients with 
lymphomas and leukemias. The infectious 
agents include viruses which have been im- 
plicated in the pathogenesis of several car- 
cinomatous neuropathies. 

Herpes zoster, which is the most frequent in- 
fection of nervous system seen in as much as 25% 
of patients with lymphoma, particularly Hodg- 

kin's disease, has never been considered as 
a carcinomatous neuropathy. But progres- 
sive multifocal leukoencephalopathy (PML), 
caused by a papovavirus is still often classified 
among carcinomatous neuropathies despite the 
fact that the pathogenesis of Herpes zoster and 
PML is the same, i.e. increased sensitivity to 
viral infections. 

Viral etiology is also suggested by the 
pathology in other forms of carcinomatous 
neuropathies especially in diffuse polyoence- 
phaliomyelities, where inflammatory reaction 
characterized by lymphocytic infiltrates is often 
disproportionate as compared to the 
degenerative neuronal changes. However, viral 
etiology has not been demonstrated in this 
group of diseases. 

3. IMMUNOLOGICAL FACTORS 

Because autoimmune reactions are seen in 
patients with cancer and also because this 
mechanism has been advocated in the patho- 
genesis of neurological disease such as multiple 
sclerosis or the Guillain-Barr~ syndrome, the 
hypothesis has been raised that at least some 
carcinomatous neuropathies are due to anti- 
bodies produced against tumour  antigens cross- 
reacting with the nervous structures. 

The presence of serum antibodies reacting 
with human brain tissue was investigated by 
Wilkinson [9] in patients with various types of 
carcinomatous neuropathies by using the 
complement-fixation test, and by Wilkinson and 
Zeromski [10] using immunofluorescent tech- 
niques. Only patients with the sensory neuro- 
pathy initially described by Denny-Brown 
showed a high rate of positive results. It must 
be pointed out, however, that the presence of 
such antibodies may be the result rather than 
the cause of nervous structures damage. 

4. NUTRITIONAL AND TOXIC FACTORS 

Alimentary deficiencies, metabolic disorders 
and exogenous toxic factors have not been 
sufficiently investigated in patients with car- 
cinomatous neuropathies. 

Particularly in patients with peripheral 
neuropathies common causes such as diabetes, 
alcoholism or administration of neurotoxic 
drugs are not systematically reported. 

In a prospective study of morphological 
changes of the neuromuscular biopsies taken 
from cancer patients, we have observed a very 
good correlation between loss of weight and 
alterations, suggesting the existence of sub- 
clinical peripheral neuropathy [11]. The role of 
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non-specific factors of the peripheral nerve is 
also stressed by the fact that signs of peripheral 
neuropathy were equally frequent in patients 
with chronic non-neoplastic lung diseases and 
in patients with lung carcinoma [12]. In both 
groups, however, neurological abnormalities 
were significantly more frequent than in the 
controls. 

In conclusion, the so-called carcinomatous 
neuropathies account for a small percentage of 
neurological disorders seen in cancer patients. 
Their pathogenesis is complex. Truly 
paraneoplastic mechanisms are involved in 
metabolic encephalopathies secondary to ab- 
normal secression of hormones in very rare 
cases of encephalopathy due to serum hyper- 
viscosity and in carcinoid-syndrome myopathy. 
In other forms of carcinomatous neuropathies 
such as the Eaton-Lambert syndrome and the 
polyneuropathy seen in osteosclerotic myeloma 
patients a remote effect of cancer on the ner- 
vous system is suggested by the incidence with 
which the disorders are associated with malig- 

nancies, but has not been demonstrated. They 
are, of course, examples of remote effect of 
cancer on nervous tissue such as the produc- 
tion of the nerve growing factor by a human 
sarcoma causing the formation of a tumour of 
nervous origin [13], but none of the described 
cancerous neuropathies can be explained by 
this mechanism. 

Viral etiology has been demonstrated in 
PML and is possible in diffuse polioence- 
phalomyelitis. 

Autoimmune reaction against nervous con- 
stituents have been reported only in the sen- 
sory neuropathy. However, the role of these 
reactions in the pathogen of this syndrome 
has not been elucidated. 

The pathogenesis of other forms of car- 
cinomatous neuropathies remains obscure. 
Therefore this diagnosis should not be made 
unless all other causes, especially metastases and 
neurotoxic effects of anticancerous treatments, 
have been carefully ruled out. 
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